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A method for chemical-mechanical planarization of a substrate on a fixed-abrasive polishing pad in which a planarizing solution is 
dispensed onto the fixed-abrasive polishing pad. The planarizing solution is preferably an abrasive-free planarizing solution that oxidizes 
a surface layer on the substrate without passing the surface layer into solution, and the fixed-abrasive pad has a substantially uniform 
distribution of abrasive particles fixedly bonded to a suspension medium. The surface layer of the substrate is then pressed against the 
fixed-abrasive pad in the presence of planarizing solution, and at least one of the fixed-abrasive pad or the substrate moves relative to 
the other to remove material from the surface of the substrate. In operation, the planarizing solution forms a rough, scabrous layer of 
non-soluble oxides on the surface layer that are readily removed by the abrasive surface of the polishing pad. In one embodiment of the 
invention, the pH of the planarizing solution is controlled to oxidize the material of the surface layer without passing it into solution. 
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Description 



METHOD FOR CHENnCAL-MECHANICAL PLANARIZATION OF A 
SUBSTRATE ON A FIXED- ABRASIVE POLISHING PAD 

5 

Technical Field 

The present invention relates to chemical-mechanical planarization 
of substrates, and more panicularly to planarizing substrates with fixed-abrasive 
polishing pads. 

10 

Background of the Invention 

Chemical-mechanical planarization ("CIvIP") processes remove 
materia! from the surface of a wafer or other substrate in the production of 
semiconductor devices. Figure 1 schematically illustrates a CMP machine 10 

1 5 with a platen 20, a wafer carrier 30, a polishing pad 40, and a planarization liquid 
44 on the polishing pad 40. The polishing pad may be a conventional polishing 
pad made from a non- abrasive material (e.g., polyurethane), or it may be a new 
generation fixed-abrasive polishing pad made from abrasive particles fixedly 
dispersed in a suspension medium. The planarization liquid may be a 

20 conventional CMP slurry with abrasive particles and chemicals that remove 
material from the surface of the wafer, or it may be a solution without abrasive 
particles. In most CMP applications, conventional CN^IP slurries with abrasive 
particles are used on conventional polishing pads, and planarizing liquids without 
abrasive panicles are used on fixed-abrasive polishing pads. 

25 The CMP machine 10 also has an under-pad 25 attached to an 

upper surface 22 of the platen 20 and the lower surface of the polishing pad 40. 
In one type of CIvEP machine, a drive assembly 26 rotates the platen 20 as 
indicated by arrow A. In another t\pe of CMP machine, Lhe drive assembly 
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^ciprocates d.at platen back and forth as indicated by a^ow B. Because the 
polishing pad 40 is attached to the under-pad 25. the polishing pad 40 moves 
with the platen. 

The wafer carrier 30 has a lower surface 32 to which a wafer 12 
5 „ay be anached. or the wafer 12 may be attached to a resihent pad 34 positioned 
between the wafer 12 and the wafer carrier 30. The wafer carrier 30 may be a 
weighted, free-floating wafer carrier or an actuator assembly 36 may be attached 
to L wafer carrier 30 to impart axial motion, rotational mofon, or a 
combination of axial and rotational motion (indicated by arrows C and D. 
10 respectively). 

To planarize the wafer 12 with the CMP machine 10, the wafer 
carrier 30 presses the wafer 12 face-downward against the polishing pad 40. 
While the face of the wafer 12 presses against the polishing pad 40, at least one 
of the platen 20 or the wafer carrier 30 moves relative ,o the otirer to move the 
15 wafer 12 across the planarizing surface 42. As the face of the wafer 12 moves 
across the planarizing surface 42. the polishing pad 40 and the planarizmg 
solution 44 continually remove material from the face of the wafer. 

One objective of CMP processing is to produce a uniformly planar 
surface on the semiconductor wafers. The unifomtity of the planarized surface rs 
20 a function of several factors, one of which is the distribution of abrasive parttcles 
between the wafer and the polishing pad. Fixed-abrasive polishing pads provrde 
a substantia.lv uniform distribution of particles bet^veen the wafer and the 
polishin. pad because the abrasive particles are ftxedly dispersed in the pad. 
CMP Slurries with abrasive particles, however, may not provide a untfonn 
25 distribution of particles because the slurry builds up at the perimeter of the wafer 
leaving less slurry under other parts of the wafer. Thus, it is desirable to use 
fixed-abrasive polishing pads. 
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One problem with using fixed-abrasive polishing pads to remove 
material from the surface of the wafer is that the fixed-abrasive pads tend to have 
a relatively low polishing rate compared to conventional pads and slurries. 
Fixed-abrasive pads are often used without a slurry because conventional 

5 planarization slurries with abrasive particles damage the planarizing surface of 
fixed- abrasive polishing pads. For example, when a wafer is planarized on a 
fixed-abrasive pad with a conventional abrasive slurry, the abrasive particles in 
the slurry generally damage the abrasive particles of the polished pad. Thus, it 
would be desirable to increase the polishing rate of fixed-abrasive pad CMP 

10 without damaging the fixed-abrasive pad. 

Another problem with fixed-abrasive pad CMP is that defects may 
accidentally form on the surface of the wafer. As material is removed from the 
wafer, abrasive particles and other parts of the fixed-abrasive polishing pad may 
break away and become trapped between the surface of the wafer and the fixed- 

15 abrasive polishing pad. When the fixed-abrasive pad is used without a slurry, the 
detached pieces of the fixed-abrasive polishing pad often scratch the wafer and 
may damage several die on the wafer. Therefore, it would also be desirable to 
reduce defects caused by fixed-abrasive polishing pads. 



20 Summary nf the Invention 

The inventive CMP process preferably increases the polishing rate 
and reduces defects in fixed-abrasive pad CMP. In an embodiment of the 
invention for planarizing a metal surface layer on a substrate, an abrasive-free 
planarizing solution is dispensed onto a fixed-abrasive polishing pad. The 

25 abrasive-free planarizing solution preferably has an oxidant that oxidizes the 
metal on the surface of the substrate without passing the metal into solution. The 
fixed-abrasive pad has a suspension medium and a substantially uniform 
distribution of abrasive particles fixedly bonded to the suspension medium. The 
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surface layer of the substrate is then pressed against the fixed-abrasive pad in the 
presence of the planarizing solution, and at least one of the fixed-abrasive pad or 
the substrate moves relative to the other. In operation, the planarizing solution 
forms a rough, scabrous layer of non-soluble oxides on the surface layer that is 
5 removed by the abrasive particles of the polishing pad. The non-soluble oxides 
are generally easier to detach from the substrate with mechanical force than the 

non-oxidized material. 

In one embodiment of the invention, the planarizing solution has an 
oxidant, and the pH of the planarizing solution is controlled to oxidize the 
10 material of the surface layer without passing it into solution. In another 
embodiment of the invention, the surface layer on the substrate or wafer is a 
chalcogenide material that oxidizes in the presence of air. The planarizing 
solution for chalcogenide materials accordingly has a pH that does not dissolve 

the chalcogenide material. 

The inventive CMP process may be used to form electrically 
isolated conductive features on a semiconductor wafer by depositing an upper 
layer of conductive material onto a top surface of an insulating layer and into 
depressions in the insulating layer. A portion of the upper conductive layer is 
removed with the inventive CMP process until the insulating layer is exposed 
between the depressions in the insulating layer. More specifically, the upper 
conductive laver is preferably removed by dispensing an abrasive-free, oxidizing 
planarizing solution onto a fLxed-abrasive pad; pressing the upper conductive 
layer aaainst the fixed-abrasive pad in the presence of the planarizing solution; 
and moving the upper conductive layer and the fixed-abrasive pad relative to 
25 each other. The remaining portions of the upper conductive layer in the 
depressions of the insulating layer form electrically isolated conductive features. 



15 



20 
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Brief Description of the Drawings 

Figure 1 is a schematic cross-sectional view of a chemical- 
mechanical planarizing machine in accordance with the prior art. 

Figure 2 is a partial schematic cross-sectional view of a substrate 
5 being planarized in accordance with an embodiment of a method of the 
invention. 

Figure 3 is a partial schematic cross-sectional view of a 
semiconductor wafer at one point in an embodiment of a method for making 
conductive features in accordance with the invention. 
10 Figure 4 is a partial schematic cross-sectional view of the 

semiconductor wafer of Figure 3 at another point in a method for making 
conductive features in accordance with the invention. 

Detailed Description of the Invention 

15 The present invention is a method for quickly planarizing a surface 

layer on a semiconductor wafer or other substrate with a fixed-abrasive polishing 
pad. An important aspect of an embodiment of the invention is to planarize the 
surface layer on a fixed-abrasive polishing pad covered with an abrasive-free 
planarizing solution that oxidizes and/or roughens the material of the surface 

20 layer without dissolving, the material of the surface layer. The thin, roughened 
layer on the wafer is readily removed by the abrasive particles in the fixed- 
abrasive polishing pad, which increases the polishing rate of fixed-abrasive pad 
CNEP. The method of the invention, therefore, increases the throughput of CMP 
processes using fixed-abrasive pads. 

25 Figure 2 is a schematic cross-sectional view of a wafer 12 being 

planarized on a CN'IP machine 10 in accordance with an embodiment of a method 
of the invention. The wafer 12 is mounted to a wafer carrier 30 and pressed 
against a planarizing surface 142 of a fixed-abrasive polishing pad 140 coated 
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With a planarizing solution 144. The planarizing solution 144 is preferably 
dispersed onto the fixed-abrasive polishing pad 140 through a dispenser 146 
positioned over the polishing pad and operatively connected to a supply 148 of 
planarizing solution 144. The planarizing solution 144 oxidizes, roughens, or 
otherwise interacts with the material of the surface layer at the front face 14 of 
the wafer 12 to form a thin layer on the wafer that is easily removed by 
mechanical force. The fixed-abrasive pad 140 preferably has a suspension 
medium 145 and a plurality of abrasive particles 147 fixedly dispersed in the 
suspension medium 145. The planarizing surface 142 preferably has a number of 
raised feamres 143 formed thereon to further abrade the wafer 12. 

To planarize the wafer 12, the wafer carrier 30 and'or the fixed- 
abrasive pad 140 move relative to one another while the wafer 12 is pressed 
against the planarizing surface 142 of the fixed- abrasive pad 140. As the front 
face 14 of the wafer 12 moves across the planarizing surface 142 of the fixed- 
abrasive pad 140, the abrasive particles 147 abrade the thin, oxidized layer (not 
shown) on the front face 14 of the wafer 12 to remove material from the wafer 
12. As explained in detail below, the abrasive particles 147 remove the oxidized 
or otherwise roughened surface of the front face 14 of the wafer 12 faster than 

non-oxidized material. 

The planarizing solution 144 preferably forms an oxide with the 
material at the surface of the front face 14 of the wafer 12 without dissolving the 
material. When the front face 14 of the wafer 12 is a metal that does not oxidize 
■ in the presence of air without the assistance of a catalyst, the planarizing solution 
is preferably a liquid with an oxidant that causes the particular metal to react with 
5 oxygen and form an oxide. The specific oxidants in the planarizing solution 144, 
therefore, depend upon the material of the surface layer at the front face 14 of the 
wafer 12. To form an oxide with the material at the surface of the front face 14 
of the wafer 12 without dissolving the material, the planarizing solution typically 
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has an oxidant in a pH-controUed solution. Accordingly, the particular 
planarizing solution preferably has a pH that reacts with the material at the front 
face 14 of the wafer 12 without passing the material into solution. When the 
material at the front face 14 of the wafer 12 is a chalcogenide (forms a native 
5 oxide in the presence of air), the planarizing solution may consist of virtually any 
liquid that does not pass the chalcogenide material into solution. 

The material at the front-face of the wafer may be a single layer of 
material or a multi-level film stack with several layers of material. For example, 
the material at the front-face of the wafer may be a multi-level film stack with 
10 different metals {e.g., titanium and aluminum on a mngsten plug) and a barrier 
layer {e.g., titanium nitride). The planarizing solution 144 forms an oxide with at 
least some of the layers of a multi-level film stack, and preferably with all of the 
layers of a multi-level film stack. Thus, the present invention preferably applies 
to planarization of single-level and multi-level film formations. 
15 The present invention is particularly useful for planarizing metal 

layers from the front face 14 of the wafer 12 to form conductive features such as 
damascene lines and interiayer plugs. To planarize a conductive layer of 
tungsten from the wafer 12, the planarizing solution preferably has a pH below 
5.0 and contains at least one of the following oxidants: ferric nitrate, hydrogen 
20 peroxide, potassium . iodate, and bromine. In a specific example, a layer of 
tungsten may be quickly planarized with a silica-ceria fixed-abrasive polishing 
pad and a particle-free potassium iodate planarizing solution at a pH of 4.5. One 
suitable planarizing solution is a modified QCTT1011-14B potassium iodate 
planarizing solution manufactured by Rodel Corporation of Newark, Delaware. 
25 The QCTTlOl 1-14B solution is a conventional slurry with abrasive particles that 
has been used only on conventional, non-abrasive polishing pads. To modify the 
QCTTlOl 1-14B solution for use in the present invention, the abrasive particles 
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are removed to form an abrasive-free solution and the solution is used on a fixed- 
abrasive pad. 

The method of the invention may also be used to planarize other 
materials including, but not limited to, aluminum and copper. To planarize a 
5 conductive layer of aluminum from the front face 14 of the wafer 12, the 
planarizing solution preferably has a pH of between approximately 3.0 and 10.0, 
and includes one of the following oxidants: hydrogen peroxide, potassium 
iodate, or ferric nitrate. To planarize a conductive layer of copper from the front 
face 14 of the wafer 12, the planarizing solution preferably has a pH of less than 
10 approximately 2.5 or more than approximately 10.5, and has one of the following 
mixtures: deionized water with 0.1%-5.0% nitric acid and 0.1%-10.0% ethanol; 
deionized water with 0.1%-5.0% nitric acid and 0.1%-1.0% benzotriazole; 
deionized water with 0.5%-3.0% ammonium hydroxide; or deionized water with 
0.5%-3.0% ammonia ferricyanide. 
15 Figure 3 illustrates electrically isolated conductive features being 

formed on the wafer 12 by an embodiment of the method of the invention. The 
wafer 12 generally has a substrate 13, an insulating layer 15 with depressions or 
vias 16, and an upper conductive layer 17 deposited over the insulating layer 15 
and into the vias 16. The material of the upper conductive layer 17 fills the vias 
20 16 to form contact plugs 18. Several layers' of insulating, semi-insulating, semi- 
conducting, and conducting layers may be deposited on the wafer 12 between the 
substrate 13 and the upper conductive layer 17. The upper conductive layer 17 
may be made from many conductive materials including, but not limited to, 
tungsten, aluminum, or polysilicon. 
25 To form electrically isolated features on the wafer 12, the wafer 12 

is mounted to the wafer carrier 30 and a planarizing solution 144 in accordance 
with the invention is deposited onto the fixed-abrasive polishing pad 140. As 
discussed above with respect to Figure 2, the planarizing solution does not 
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contain abrasive particles and it preferably oxidizes the material of the upper 
conductive layer 17 without passing the material of the upper conductive layer 17 
into solution. The wafer carrier 30 subsequently presses the wafer 12 against the 
raised features 143 of the fixed-abrasive polishing pad 140. Since the planarizing 
5 solution 144 oxidizes the material of the upper conductive layer 17, the 
planarizing solution 144 forms a thin, scabrous layer 19 across the front face 14 
of the wafer 12, The scabrous layer 19 preferably has a rough surface with 
relatively brittle features compared to the surface of non-oxidized material of the 
upper conductive layer 17. 

10 After the wafer 12 is pressed against the fixed-abrasive polishing 

pad 140, at least one of the wafer 12 or the fixed-abrasive polishing pad 140 
moves relative to the other so that the raised features 143 of the fixed-abrasive 
polishing pad 140 scrape across the scabrous layer 19 of the wafer 12. The 
abrasive particles 147 in the fixed- abrasive polishing pad 140 break the rough, 

15 brittle features of the scabrous surface 19 away from the remaining portion of the 
upper conductive layer 17. The planarizing solution 144 continuously oxidizes 
the newly exposed portions of the upper conductive layer 17 to continuously 
form a scabrous layer 19 across the surface of the upper conductive layer 17. 

Figure 4 illustrates the wafer 12 after it has been planarized by an 

20 embodiment of the chemical-mechanical planarization method of the invention. 
The wafer is planarized until the contiguous portion of the upper conductive layer 
17 is removed so that die insulatuag layer 15 electrically isolates the conductive 
plugs 18 in the vias 16. In a preferred embodiment, the planarizing solution 144 
is selective to the material of the conductive layer 17 by using chemicals that 

25 oxidize the material of the conductive layer 17 without oxidizing or dissolving 
the material of the insulating layer 15. By using a planarizing solution selective 
to the material of the conductive layer 17, the insulating layer 15 may act as a 
polish-stop layer to enhance the accuracy of endpointing the CfvIP process. 
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Additionally, since the planarizing solution 144 oxidizes the 
material of the conductive layer without passing it into solution, the top surface 
of the contact plugs 18 is substantially flush with the top surface of the insulating 
layer 15. This is in contrast to slurries and planarizing solutions that dissolve the 
5 material of the conductive layer 17. When slurries dissolve the conductive layer 
17, they effectively etch the conductive layer 17 and cause the top surface of the 
contact plugs 18 to be below the top surface of the insulating layer 15. 
Therefore, unlike CMP methods using planarizing solutions and slurries that etch 
the material of the conductive layer, the method of the preferred embodiment of 
10 the invention generally produces a uniformly planar surface even at the micro 
level between the contact plugs 18 and the conductive layer 15. 

One advantage of the preferred embodiment of the present 
invention is that it enhances the throughput of wafers planarized with fixed- 
abrasive polishing pads without sacrificing the planarity of the wafers. Unlike 
15 slurries that dissolve the material of the surface layer, the present invention uses 
an abrasive-free planarizing solution thai oxidizes the material of the surface 
layer without passing it into solution. As discussed above, the abrasive particles 
in the fixed-abrasive polishing pad remove scabrous, oxidized material faster 
than non-oxidized material. Additionally, because the planarizing solution 
20 merely oxidizes the material of the surface layer without passing it into solution, 
the top surface of conductive features are not etched below the top surface of an 
insulating layer. Therefore, the method of the invention increases throughput and 

produces highly planar surfaces. 

Another advantage of the preferred embodiment of the present 
25 invention is that the fixed-abrasive pad is not damaged by the planarizing 
solution. Conventional slurries with abrasive particles wear down fixed-abrasive 
pads, and thus they reduce the effectiveness and the useful life of fixed-abrasive 
pads. The planarizing solution used in accordance with the method of the 
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invention, however, preferably does not contain abrasive particles or chemicals 
that otherwise damage the fixed-abrasive pads. Thus, the planarizing solution 
used in accordance with the method of the invention preferably does not damage 
or otherwise reduce the useful life of fixed-abrasive pads. 

5 Still another advantage of the preferred embodiment of the present 

invention is that it reduces the number of defects on wafers planarized with a 
fixed-abrasive polishing pad. Since conventional slurries with abrasive particles 
quickly wear down fixed-abrasive polishing pads, many fixed-abrasive pad CMP 
processes planarize wafers without a solution. However, as discussed above, 

10 panicles may break away from the fixed-abrasive pads and scratch the surface of 
the wafer. The planarizing solution used in accordance with the method of the 
invention preferably reduces defects by providing a liquid buffer between a wafer 
and a fixed-abrasive polishing pad to ' carry away small particles that may 
otherwise scratch the surface of the wafer. Therefore, the planarizing solution 

15 used in accordance with the method of the preferred embodiment of the invention 
reduces the number of defects on the surface of the wafer. 

Still another advantage of the preferred embodiment of the present 
invention is that it enhances the selectivity in planarizing one material with 
respect to another. CMP processes that planarize a wafer on a fixed-abrasive 

20 polishing pad without a planarizing solution are not selective to a specific type of 
material because they do not rely on chemical reactions to remove material from 
the surface of the wafer. The preferred embodiment of the present invention, 
however, may provide selective planarization because the planarizing solution 
may be formulated to chemically react with one material differently than another 

25 material. Therefore, the present invention preferably enhances the ability to 
control the removal of a material on specific semiconductor wafer structures. 

From the foregoing it will be appreciated that, although specific 
embodiments of the invention have been described herein for purposes of 
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illustration, various modifications may be made without deviating from the spirit 
and scope of the invention. Also, even though the preferred embodiment of the 
invention has been described using a substantially abrasive-free planarizing 
solution to planarize a semiconductor wafer, it will be appreciated that abrasive 
5 particles may be used in the planarizing solution to alter the abrasiveness of the 
fixed abrasive polishing pad or the planarizing process. Additionally, the 
preferred embodiment of the invention may be used to planarize other substrates, 
such as baseplates for field emission displays. Accordingly, the invention is not 
limited except as by the appended claims. 
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Claims 



I claim: 

1. A chemical-mechanical planarization method for removing 
material from a surface of a substrate, comprising: 

providing a planarizing solution having a chemical that oxidizes the 
material at the surface without passing the material into solution; 

providing a fixed- abrasive pad having abrasive particles dispersed in a 
suspension medium, the fixed- abrasive particles being fixedly attached to the 

suspension medium; 

dispensing the planarizing solution onto the fixed-abrasive pad; 

pressing the surface of the substrate against the fixed- abrasive pad in the 
presence of the planarizing solution, wherein the planarizing solution forms non- 
soluble oxides on the surface of the substrate; and 

moving at least one of the substrate and the fixed-abrasive pad relative to 
the other, the fixed-abrasive pad removing the non-soluble oxides from the substrate. 

2. The method of claim 1 wherein the step of providing a 
planarizing solution comprises supplying a substantially abrasive-free planarizing 
solution. 

3. The method of claim 2 wherein the surface comprises a metal, 
and wherein the step of providing an abrasive-free planarizing solution comprises 
maintaining a pH of the planarizing solution not greater than 5.0. 

. 4. The method of claim 3 wherein the surface comprises mngsten, 
and wherein the step of providing an abrasive-free planarizing solution comprises 
maintaining the pH of the solution between approximately 4.0 and 5.0. 
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5 . The method of claim 2 wherein the surface comprises copper, and 
wherein the step of providing an abrasive-free planarizing solution comprises 
maintaining a pH of the planarizing solution either less than approximately 2.5 or 
more than 10.5. 

6. The method of claim 1 wherein the surface comprises aluminum, 
and the step of providing a planarizing solution comprises maintaining a pH of the 
planarizing solution between 3 and 10. 

7 . A method for chemical-mechanical planarization of a surface of a 

substrate, the method comprising the steps of: 

forming a thin layer of non-soluble oxides on the surface of the substrate 

with a liquid solution; and 

removing the layer of non-soluble oxides from the surface of the 

substrate with a fixed-abrasive particle polishing pad. 

8. The method of claim 7 wherein the forming step comprises 
providing an abrasive-free planarizing solution having a chemical that oxidizes 
material at the surface of the substrate without passing the material into solution. 

9. The method of claim 8 wherein the material at the surface of the 
substrate comprises a metal, and wherein the forming step comprises maintaining a 
pH of the planarizing solution not greater than approximately 5.0. 

10. The method of claim 8 wherein the material at the surface of the 
substrate comprises tungsten, and wherein the forming step comprises maintaining a 
pH of the planarizing solution between approximately 4.0 and 5.0. 
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1 1 . The method of claim 8 wherein the material at the surface of the 
substrate comprises aluminum, and wherein the fomiing step comprises maintaining a 
pH of the planarizing solution between approximately 3.0 and 10.0. 

12. The method of claim 7 wherein the removing step comprises 
pressing the surface of the substrate against the fixed-abrasive pad in the presence of 
the liquid solution and moving at least one of the substrate and the fixed-abrasive pad 
relative to the other. 

13. The method of claim 12 wherein the forming step comprises 
providing an abrasive-free planarizing solution having a chemical that oxidizes 
material at the surface of the substrate without passing the material into solution. 

14. A method for chemical-mechanical planarization of a surface of a 
semiconductor wafer, the method comprising the steps of: 

oxidizing material at the surface of the wafer with a liquid planarizing 
solution without dissolving the material; and 

removing a thin layer of non-soluble oxides from the surface of the 
wafer with a fixed-abrasive particle polishing pad. 

15. The method of claim 14 wherein the oxidizing step comprises 
providing a substantially non-abrasive liquid planarizing solution. 

16. The method of claim 14 wherein the oxidizing step comprises 
forming the thin layer of non-soluble oxides on the surface of the wafer with the liquid 
planarizing solution. 



<WO 8ei81S9Al_l_> 



wo 98/18159 1 6 PCT/US97/19054 

17. The method of claim 14 wherein the material at the surface of the 
wafer comprises a metal, and wherein the oxidizing step comprises maintaining a pH 
of the planarizing solution not greater than approximately 5.0. 

1 8. The method of claim 14 wherein the material at the surface of the 
wafer comprises tungsten, and wherein the oxidizing step comprises maintaining a pH 
of the planarizing solution between approximately 4.0 and 5.0. 

19. The method of claim 14 wherein the material at the surface of the 
wafer comprises aluminum, and wherein the oxidizing step comprises maintaining a 
pH of the planarizing solution between 3.0 and 10.0. 

20. A method of chemical-mechanical planarization of a surface of a 

substrate, the method comprising the steps of: 

forming a thin layer of non-soluble oxides of a material at the surface of 
the substrate with a non-abrasive liquid planarizing solution that oxidizes the material 

without dissolving the material; and 

abrading the non-soluble oxides with abrasive particles fixedly attached 
to a fixed-abrasive polishing pad, the abrasive particles removing the non-soluble 
oxides from the surface of the substrate. 

21. The method of claim 20 wherein the material at the surface of the 
substrate comprises tungsten, and wherein the forming step comprises coating the 
surface of the substrate with a planarizing solution containing potassium iodate and 
having a pH between approximately 4.0 and 5.0. 

22. The method of claim 20 wherein the material at the surface of the 
substrate comprises tungsten, and wherein the forming step comprises coating the 
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surface of the wafer with a planarizing solution containing ferric nitrate and haying a 
pH between approximately 4.0 and 5.0. 

23 . The method of claim 20 wherein the material at the surface of the 
substrate comprises tungsten, and wherein the forming step comprises coating the 
surface of the substrate with a planarizing solution containing bromine and having a 
pH between approximately 4.0 and 5.0. 

24. The method of claim 20 wherein the material at the surface of the 
substrate comprises aluminum, and wherein the forming step comprises coating the 
surface of the substrate with a planarizing solution containing hydrogen peroxide and 
having a pH between approximately 3.0 and 10.0. 

25. The method of claim 20 wherein the material at the surface of the 
substrate comprises aluminum, and wherein the forming step comprises coatmg the 
surface of the substrate with a planarizing solution containing potassium iodate and 
having a pH between approximately 3.0 and 10.0. 

26. The method of claim 20 wherein the material at the surface of the 
substrate comprises aluminum, and wherein the forming step comprises coatmg the 
surface of the substrate with a planarizing solution containing ferric nitrate and having 
a pH between approximately 3.0 and 10.0. 

27. A method of chemical-mechanical planarization of a surface of a 
semiconductor wafer, the method comprising the steps of: 

forming a thin scabrous layer from material at the surface of the wafer 
with a planarizing solution, the scabrous layer being non-soluble in the plananzmg 
solution; and 
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abrading the non-soluble scabrous layer with abrasive particles fixedly 
attached to a fixed-abrasive polishing pad, the abrasive particles removing the 
scabrous layer from the surface of the wafer. 

28. The method of claim 27 wherein the forming step comprises 
providing a substantially non-abrasive planarizing solution. 

29. The method of claim 28 wherein the forming step comprises 
oxidizing the material at the surface of the wafer with passing the material into 
solution. 

30. The method of claim 29 wherein the material at the surface of the 
wafer comprises tungsten, and wherein the oxidizing step comprises coating the 
surface of the wafer with a planarizing solution containing potassium iodate and 
having a pH between approximately 4.0 and 5.0. 

3 1 : The method of claim 29 wherein the material at the surface of the 
wafer comprises tungsten, and wherein the oxidizing step comprises coating the 
surface of the wafer with a planarizing solution containing ferric nitrate and having a 
pH between approximately 4.0 and 5.0. 



32. 



The method of claim 29 wherein the material at the surface of the 
wafer comprises tungsten, and wherein the oxidizing step comprises coating the 
surface of the wafer with a planarizing solution containing bromine and having a pH 
between approximately 4.0 and 5.0. 

33 . The method of claim 29 wherein the material at the surface of the 
wafer comprises aluminum, and wherein the oxidizing step comprises coating the 
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surface of the wafer with a planarizing solution containing hydrogen peroxide and 
having a pH between approximately 3.0 and 10.0. 

34. The method of claim 29 wherein the material at the surface of the 
wafer comprises aluminum, and wherein the oxidizing step comprises coating the 
surface of the wafer with a planarizing solution containing potassium iodate and 
having a pH between approximately 3.0 and 10.0. 

3 5 . The method of claim 29 wherein the material at the surface of the 
wafer comprises aluminum, and wherein the oxidizing step comprises coating the 
surface of the wafer with a planarizing solution containing ferric nitrate and having a 
pH between approximately 3.0 and 10.0. 

36. The method of claim 29 wherein the abrading step comprises 
pressing the scabrous layer against the abrasive particle of the fixed-abrasive pad and 
moving at least one of the wafer and the fixed-abrasive pad with respect to the other. 

37. A method for forming electrically isolated conductive feamres on 
a substrate with a fixed- abrasive polishing pad having abrasive particles fixedly 
bonded to a suspension medium, the method comprising: 

depositing a layer of conductive material over an insulating layer on the 
substrate and into depressions in the insulating layer; 

dispensing a substantially non-abrasive planarizing solution onto the 
fixed-abrasive pad. the planarizing solution forming a thin, scabrous layer on the 
conductive layer without passing the conductive material into solution; 

pressing the conductive layer against the fixed- abrasive pad and the 
planarizing solution; and 
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moving at least one of the substrate and the fixed-abrasive pad relative to 
the other, the abrasive particles in the fixed-abrasive pad removing the scabrous layer 
firom the conductive layer. 

38. The method of claim 37 wherein the moving step is continued 
until the insulating layer is exposed electrically isolating the conductive material in the 
depressions of the insulating layer. 

39. The method of claim 37 wherein the dispensing step comprises 
oxidizing the conductive material at the surface of the substrate without passing the 
material into solution. 

40. The method of claim 39 wherein the conductive material 
comprises tungsten, and wherein the oxidizing step comprises coating the surface of 
the substrate with a planarizing solution containing at least one of potassium iodate, 
ferric nitrate, and hydrogen peroxide, and having a pH between approximately 4.0 and 
5.0. 

41. The method of claim 39 wherein the conductive material 
comprises aluminum, and wherein the oxidizing step comprises coating the surface of 
the substrate with a planarizing solution contaming hydrogen peroxide, ferric nitrate, 
and potassium iodate, and having a pH between approximately 3.0 and 10.0. 

42. A chemical-mechanical planarization method for removing 
material from a surface of a semiconductor wafer using a fixed-abrasive pad having 
abrasive particles bonded to a suspension medium, the method comprising: 

providing an abrasive-free planarizing solution having a chemical that 
oxidizes the material at the surface without passing the material into solution; 
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dispensing the planarizing solution onto the fixed-abrasive pad, wherein 
the planarizing solution interacts with the material at the surface of the wafer to form a 
non-soluble scabrous layer on the surface of the wafer; 

pressing the surface of the wafer against the fixed-abrasive pad in the 
presence of the planarizing solution; and 

moving at least one of the wafer and the fixed-abrasive pad relative to 
the other to remove the scabrous layer from the wafer. 

43. The method of claim 42 wherein the pressing step comprises 
oxidizing the material at the surface of the wafer without passing the material into 
solution. 

44. The method of claim 43 wherein the material at the surface of the 
wafer comprises tungsten, and wherein the oxidizing step comprises coating the 
surface of the wafer with a planarizing solution containing at least one of hydrogen 
peroxide, ferric nitrate, and potassium iodate, and having a pH between approximately 
4.0 and 5.0. 

45. The method of claim 43 wherein the material at the surface of the 
wafer comprises aluminum, and wherein the oxidizing step comprises coating the 
surface of the wafer with a planarizing solution containing at least one of hydrogen 
peroxide, ferric nitrate, and potassium iodate, and having a pH between approximately 
3.0 and 10.0. 

46. A chemical-mechanical planarization machine for planarizing a 

substrate, comprising: 

a platen mounted to a support structure; 

a fixed-abrasive polishing pad positioned on the platen; 
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a substrate carrier in which a substrate may be mounted to position a 
front face of the substrate against the polishing pad, and at least one of the substrate 
carrier and the platen being movable to move the polishing pad and substrate with 

respect to one another; 

a supply of planarizing solution having a chemical adapted to oxidize 

material at the front face of the substrate; and 

a planarizing solution dispenser operatively connected to the supply of 
planarizing solution to dispense the planarizing solution onto the polishing pad. 

47. The chemical-mechanical planarization machine of claim 46 
wherein the planarizing solution comprises substantially non-abrasive liquid. 

48. The chemical-mechanical planarization machine of claim 47 
wherein the material at the front face of the substrate comprises mngsten, and wherein 
the planarizing solution comprises potassium iodate and has a pH between 
approximately 4.0 and 5.0. 

49. The chemical-mechanical planarization machine of claim 47 
wherein the material at the front face of the substrate comprises mngsten, and wherein 
the planarizing solution comprises ferric nifrate and has a pH bet^v•een approximately 
4.0 and 5.0. 

50. The chemical-mechanical planarization machine of claim 47 
wherein the material at the front face of the substrate comprises mngsten, and wherein 
the planarizing solution comprises bromine and has a pH bet^veen approximately 4.0 
and 5.0. 

51. The chemical-mechanical planarization machine of claim 47 
wherein the material at the front face of the substrate comprises aluminum, and 



wo 98/18159 



23 



PCT/US97/19054 



wherein the planarizing solution comprises hydrogen peroxide and has a pH between 
approximately 3.0 and 10.0. 

52. The chemical-mechanical planarization machine of claim 47 
wherein the material at the front face of the substrate comprises aluminum, and 
wherein the planarizing solution comprises potassium iodate and has a pH between 
approximately 3.0 and 10.0, 

53. The chemical-mechanical planarization machine of claim 47 
wherein the material at the front face of the substrate comprises aluminum, and 
wherein the planarizing solution comprises ferric nitrate and has a pH between 
approximately 3.0 and 10.0. 
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Fig. 4 



BNSDOCID: <WO 881B159A1_L> 



INTERNATIONAL SEARCH REPORT 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 H01L21/321 B24B37/04 



Inte 3nal Application No 

PCT/US 97/19054 



According to Internalional Patent ClassHication(lPC) or to both national classific ation and IPC 

B. FIELDS SEARCHED ^ . 

Minimum documentation searched (classification system followed by classification symbols) 

IPC 6 HOIL B24B C09G C09K 



Documentation searched other than 



n,inimumdocumenla.ion lo the extent that such documents are included in the fields searched 



Electronic dnta base consulted during the internati 



lonal search (name of data base and. where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category I Cmiion o\ document, wrth indication, where appropriate, of the relevant passages 



Relevant to claim No. 



us 3 538 366 A (GAMACHE NORMAN M) 1 
February 1972 



see claim 1; figure 1 

US 5 340 370 A (CADIEN KENNETH C ET AL) 
23 August 1994 



see column 5, line 44 - column 6, line 20; 
claims 1,2,9; figure 3 

-/-- 



1,2,7, 
12,14, 
20,27, 
28,36, 
37,42, 
46,47 



1-4, 

7-10, 

12-18, 

20-23, 

27-31, 

36-40, 

42-44, 

46,47,49 



HI 



Further documents are listed in the continuation of boy C. 



ID 



Patent f amity members are listed in annex. 



" Special categories of cited documents : 

"A" document defining the general state of the art which is not 
considered to be of particular relevance 
I "E" earlier document but published on or after the international 
filing date 

"L" document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date ot another 
citatior^ or other special reason (as specified) 

"O" document referring to an oral disclosure, use. exhibition or 
other means 

•P" document published prior to the international filing date but 
later than the priority date claimed 



T- later document published after the '"»«rnationa filing da e 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X" document of particular relevance: the claimed 'nvenliori 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 
«Y" document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 



"&" document member of the same patent family 



Date ot the actual completion of the international search 



21 January 1998 



Date of mailing ot the international search report 

29/01/1998 



Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL - 2280 HV Rijswijk 
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, 
Fax: (+31-70) 340-3016 



Authorized officer 



Hammel , E 



Form PCT/tSA«1 0 (secorvd sheet) (Jiity 1992) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



(nte onat Application No 

PCT/US 97/19054 



C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category Citation of document, with indication. where appropriate, of the relevant passages 



Relevant lo claim No. 



EP 0 708 160 A (CABOT CORP) 24 April 1996 
see cl aims 1 , 10-13 

WO 96 16436 A (ADVANCED MICRO DEVICES INC) 
30 May 1996 



see cl aims 1,6,7 

KAUFMAN F B: "CHEMICAL-MECHANICAL 
POLISHING FOR FABRICATING PATTERNED W 
METAL FEATURES AS CHIP INTERCONNECTS" 
JOURNAL OF THE ELECTROCHEMICAL SOCIETY, 
vol. 138, no. 11, 1 November 1991, 
pages 3460-3465, XP000248109 



see the whole document 

US 5 209 816 A (YU CHRIS C ET AL) 11 May 
1993 



see column 2, line 1 - column 3, line 68 



1,7,8, 
14,20,27 



1,2,7,8, 

14-16, 

20, 

27-29, 
37,42,43 



1-4, 
7-10, 
12-16, 
20, 

27-29, 
37-39 , 
42,43, 
46,47 



1,7, 
14-16, 
19,20, 
24, 

27-29, 
33,37, 
41-43,45 



Forni PCT/ISA^IO (coniinuation ol second sheet) (Juty 1992) 
. <WO 98iei59Al_L> 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

information on patent family members 



Int- tonal Application No 

PCT/US 97/19054 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



US 3638366 A 01-02-72 



NONE 



IIS 


5340370 


A 


23-08-94 


US 


5516346 A 


14-05-96 


EP 


0708160 


A 


24-04-yo 


AU 
JP 
WO 


ct27423 A 
3549495 A 
8197414 A 
9611082 A 


18-06-96 
02-05-96 
06-08-96 
18-04-96 


WO 


9616436 


A 


30-05-96 


EP 


0792515 A 


03-09-97 


US 


5209816 


A 


11-05-93 


OE 
JP 
OP 


4317544 A 
2500842 B 
6069187 A 


09-12-93 
29-05-96 
11-03-94 



Form PCT/ISAy2lO (patent iamily annex) (July 1992) 



